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. Severa! free-{oll and r!r"lurn-.lnn tezhniques have been
studlicd by the Flight Eavironrsnis Gronch, These techniques
onable a flxcc-wing :!rcr f+ 10 remoiely piecce and reiricve
objects above ¢r on tho grouns al nver zoro velocity. Such
mansuvers intraduce new concepls in performing scleufod
comnunlcation, supply, riscue, reconraissance ang strike
missicns. A slnqle slrborne systen having high=velerity ond
zero-volocl.y corponenis can fly unlgue missivne Thatr nrithedr
a fixed-wing alreroft, nor a holicepici are cupsble of {lying.
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LONG~LINE LOITER
ERIC J. JUMPER

Filight Environments Branch
Human Enginearing Division

€570th Aerospace Medical Rescarch Laboratory
Wright-Patterson AFB, Ohlo

Several free-fall and circl!ing~!Ine techniques have been
studied by the Flight Environments Branch., These techiniques
enable a fixed-wing alrcraft to iemotecly place and retrieve
objects above or on the ground at near zero velocity. Such
maneuvers Inftroduce new concepts in performing selected
communication, supply, rescue, rcconnzissance and strike
missions., A single alrborne system having high-velocity and
zero-vclocity components can fly unique missions that nelther
a fixed-wing aircraft, nor a hellicopter arc capable of flying.

INTRODUCT ION

The Aerospace Medlical Research Laboratory has proved the
worth of the on-pylon turn mancuver when used in the side-firing
concept, as an eifecflve Air Force strike tactic. In studyling
that concept, it was found thait & polnt could be easily tracked
using only a single mark on the windshield (Reference !). Since
the original study of the side-firing concept, the on~pylon turn
maneuver has been examined as a means of nosltioning & muss on or
over a ground point and/or retrleving a wass from the ground. 1hig
paper describes several long-lino concepts, gives @ short history
of the clrcling~line concept, tells what we have done in thie arca,

and prcéenfs some ¢f the applications now being develoncd.
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The alr-fo—géound Fink lé achieved Qy ccmbining the on-
pylon turn with what Is known as the circling-line phenomena.
A long line lanywhere from 1500 feet to several thousand feet,
deponding on the mission) fowed behind an orbiting fixed wing
alrcraft, wlll under certaln conditlons, assume a spiralling
Inverted cone path with the frce end at the vertex (Figures
| and 2). The conditlions which must be met are functions of
alrcraft speed, orbit radius, llno length, and mass slze and
welght, and although the combination of these factors Is complex,
the conditions are not extremely restricting. The system, is
capzble of two basic modes: a hovering polnt above the ground in
the case when the vortex is above the ground, and a line In
contact with a ground point when the vortex Is at ground level
or below. Thus, The seme alrcraft speed, orbit radius, and line
length could beiyged for elther mode by simply changing the alr-
cratt altitude., A launch of the mass Is effected by the aircraft
simply flying out of orbit and either flying stralght and level,

or galning altitude (Figure 3). .
HISTORY

As near as we can tell, something resembling the Long-Linro
Lolter systems was toyed with as far back as the 1940s (l¢icrence

2), but very little can be found actua!ly describiny uny tests uniii
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phenomena Is that by a pllot-mission ry named Lawrence Brgdford
Saint. He independently concelved of, flight tested, and used
the concep™ in his misslonary work In the jungles of Northeastern
Ecuador. Salnt was one of five missionaries slaln by spears Iq
Ecuador by Auca Indlans in 1956, The following are selectlons of

Saint's account of his work in circliing=~line (References 3 & 4):

“Jungle flying often presents the problem of
supplying a missionary stationed ¢r marooned in &
spot far from a landing fleld. Nate had experimented
with parachuting supplles under such circumstances.

. Shifting wind currenis sometimes carried the lvaded
chutes to a high tree or to an lnaccessible part of
the jungle. Other times, the chute falled to open.
There was the problem Too, of communlicating with the
person on the ground. Hand and body signals could

" not always be understood."

"Then he thought back to the day at Wheaton
when he sat baydrcaming as he watched hls pencil

swinging from & string."

MThe ldea struck me llke the sllver lining

under 8 hunk of cumulus,' Nate said. 'A helper

(.
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went along to manage the ltems of cquipment. We took
otf for our first tests. The bucket was tied securcly
on one end of the cord and lowered from the door of
the plane. One end of the lline was tied to the plane
so that there would be no unanticipated complications

it the line should beccme snagged. |t would simply

break,'"

"When Nate returned to the United States for his
first furiough, he carried on further tests of the

bucket=drop at an airfield in the Los Angeles area."

"While Henry Walton, a friend, was letting out
the line, hs said, 'l circled at about 1000 feet.
The circles had o be large ones, but now with the
bucket some 1500 feet behind us; ve were ready for

the test. It Is like fly testing with a 2000-foot

pole, "

"t| banked and turned more sharply, gradualily
maklng the circle smaller while we watched the bucket.
Like an obcdieﬁf caboose on the end of an Invisiole
train, 1t followed in our wake. Finally, strange
as It seemed, the bucket was directly opposite us,

though a Iittle lower, traveliing in tho opposite

/7
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direction! |t seemed compietely independent, just

mimicking our ﬁaffern of #light.'"

"'As | turned stlll more sharply, a curious
thing begen to happen. Up Tllf that Time the bucket
had travelled about sixty miles an hour. Now it
began to move more slowly. The lerge arc of cord
behind it was flnally bending In toward the center
of our circle permitting %hc bucket to settie down-

ward toward the point of a huge Invisible cone.'"

M As the buckot dropped ecarthward, |+ seemed
to lose all norizontal motlon., Finally, It come to

rost quletly In the middie ot the open 1ield below,'"

"'Then we cllmbed a ilttle, still circling,
Nate continued. 'The bucket obediently i1fted from

the ground and hovered.'"

"!We were noQ equinped with wmore than the old
canvas buckat, having acquired a pair of ileld tele~
phones and 1500 feet of wire... with fellow missionary
Bob Hart in the plune to help, we took off, and in
due time arrived over the villoga. Frank had already

arrived on foot., Ve clrclad and saw him waving to us.'"

y
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"'ye proceeded to unreel the wire at the end of
which was the phone was nestled in The bucket. |+ dropped

right into the clearing at the center of the village.'"

“iHello, Frank,' Nate's passenger spoke lnto the

phone In the plane, *this Is Bob Hart,'®

"While Hart talked for ceveral minutes to Mailhis,
Nate relayed over the plane's short-wave radio to a
doctor in Quitc, ncarly two hundred miles away, the
symptoms of stomach ache, headache, leg cramps, cold
extremities, and clenched tceth. They learned that
Mathls was not In danger, so flew back to Shell Mara

tor the medicine the dector had prescribed for the

sick Indians."

"Shortly after this proof that the bucket-drcop had
practical implications, Nate and Bob Hart had an
opportunity to demonstrate the acrlal phone to the
president of Ecuador. Both of the misslonarios talked

to the president himself s The Ecuadorlan flag floated

overhead 'without a flagpole.'"

“'We have been wondering,' Nate said, 'about the

poss.bility of an amplification of 1he rlg being

f
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capable of resculng a human being.‘ I think that i+ Is
entirasly possibla, but should be zpproached rather
sericusly, with rosponsible éngineerlng help., It is a
fascinating subjoct and alihough héven'T consulted
our dog yet, | betieve he Is going to 'volunteer' to

demonstrate how useful ihe technique could be.'

In later years, the circling-line concept was studied by
the Army, Navy, Alr Force and NASA {Rcferences 5, 6, 7, 8) for
Jous such es supply, personnel dellvery, rescue, reconnalssance
and Gemini copsule recovery. All efforts were abandonad for ‘the
same reason, inability to position the end of 1he llne accurately.
A major problem lles In the response time betwcen changing the
aircraft manzuver and mass response. This time can be enywhete

from 30 seconds to concelvab!y several mlnutes.

FLIGHT ENVIRONMENTS' ROL:

The Flight Environnents Branch firsi looked et the phenomena
in the Spring of 1968. Within a month @ major breakthrough on
around positioning was developed., The delivery vechnique is now
called Double-Line Free-Fall delivery meihod, and is aftected by
double deploying the 1ine (1500 feet of ilne to 2500 feet or more)
as shown in Flgure 4, holding the mass in the aircraft, ond level

bombing tho mass into the ground target (500 feet to 2000 feer AGL

ISP AN

RN .,
anglo turn i. ntarics 1o hold The line in a Stulles condivion, suun
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thereafter changing to a constent radlus turn with center at the
target. Vith only a simploc bomb slte,accuracy of wilihin 20 feet of
the target has been achleved from 2000 feet AGL in a 15 krot wind.

Two further Branch developments In the Long~Line state-of-
the-art are worth menf}oning. The first Is known as the Para-Loiter
technique. This technique is achlevad by modifying the basic sysiom
to Include an opened parachute just above the mass with the apex of the
chute a%Tached to the line (Figure 5). With thi. arrangement, the
chute Is streamlined white iIn fow bu+t, as the ¢.rcraft goes into orbit
and the line beglins to stall causing the mass to ¢rop, and the chute
will blossom (Reference 9). The mass can ‘then be allowed to ia}: all
the way to the ground (soft landing with chute open) or allowce 1o
drop for a ways ond then retralled and the maneuver repeaied as mony
times as desired.

The second technique is known as 1he Double~Mass, Double~Line
system, This requires a modiflicoticn to the basic system to include
2 second mass in the llne (anywhere from [00 feet to 10C0 feet from
the low mass) as shown in Figure 6. When the sysiem is in loiter,
the lovw mass ocis as an enchor and The lew line an anchor line to
zeep the high mass stationed over the greund posiviecn et a heighi
compatible with the lengih of the low line.

With 1he alrcraft moncuvers tested and documented, end ros>t of

the carly appliceticn lnvestlyotions well underway, some neur compietion

P [ K s P . PR S LN
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efforts will be geared toward the development of an automated

long=-!ine maneuver with Inputs to the alrcraft autopllot or

2

pilot display.

INPUTS

( DOPPLER 1§
A AUTO P1LOT )
SIDE-LCOKING ////ﬂ o

LASER ,
on-eoard | f MAKEUVERABLY)
e CouUTER P _MASS
!

[ g

OQUTPUTS:

- ttne . e st

LOW LIGHT & .
IR TV '

REMOTE VIDED
SERSOR

FIGURE 7: AUTOMATIC LONG~LINE SYSTEM

-

AUTOVATIC
REEL

Components such as a controllable and Instrumented mass, automatic

reel, Doppler racar end @ side-looking laser sre being studied as

input fectors for an on~board cermputer o wccomplish this fask

(Figure 7). Flight testing of cuncepts toward thls end will begin

in the Sunmer oi 1970 in & C-130 aircreft iflowa at Wright-Paiterson
AFB, Ohlo.

APPLICATICHS

The applicetions presently under study arc not wo different

[0
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communicotion, re-supply, and rescue as well as Investigation into

such typlcally Air Force missions as reconnalssance and strike.
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A. Cocmrunications

Based on {light fest data, hardware has been acqulired for

a long-~phone system consisting of a hot mike and headset to be

TR I G Ny,

dropped to a ground observer with a nylon line containing hard

wire core for the ground-to-air connectlion. Upon completicn of the
field testing of this hardware, recommendations for a communicaticn
kit willbe made for eventual use by comnando, covert Forward Air

Controller, rescue and speclai Milltary Advisory Groups (Reference

3 . 9).
|

F B. Supply
The re-supply opplicetion |Is probably the mcst evident

i . .

ﬁ and easlly augmented application for the Long-Line system, Just
as Suint was unable to reach hls mlssionary outposts by airplane,
so today in places such as & hilltop In Vietnam, pilots are unzble

ﬁ to deliver cargo, ammunition, and medical supplies, to say roThing

of retrieving the wounded, Many times helicopters are fou

vulnerable to risk landing and psrachutcs are to unpredicravic

to ascure lunding supplies in a small perimeter, VWith positioning
ihe end of the line accurately no longer a problem, o dirtcvet Hne

can ta connerted Yedwenn the alr ond the arcund with ihe aircraft

(SN A llll«l LRI ot . e

Cargo and supplics can then be slic ¢own the ltine, Once the delivery

/i

T
A P A e STV Y A QNS Ry A T A A
= ey e O R T SN DL AT A A L
oy RPTALTY TR TR BN e i ST o BT T T S e ’ &
P FVIe T OIS E e < s e T BTN AT T e TR, T, b = 7




T

P

oY

TP OFTTY

Ity

of the supplies Is complete, the same line can be used to launch
supplies, wounded, etc., The size of which depending only on line

strength and alrcraft tow cupabllity.
C. Rescue

A long=~Line Rescue System ls another self-evident application.
Two such systems are ncw under study by the Branch, they are a small
alrcraft plck-up and re-drop sysvem, and a8 large aircraft pick-up
and retrieval system, The first Is the most oasily augmentes and Is
at present in the final stages of mun roating., It consists of
dropping a low mass made up of a packed chute and insulated suit to
the man 1o be rescucd. He then need only get into the gear wng
signal ‘to The alrcraft 1o ba lounched., At some later time (over a
waiting roscue fteam) ho pulls o D-ring which releases him from the
line and a statlc line activates his chute. Due to the simplicity
of the system, no heevy equipment such as a large winch is necessary
and thus, as mentioned bLefore, 14 ceén be used by small alrcraft of
the Army U-6 Beaver class, with equipnent develeoped by the Branch
(See Figure 8).

Although an Iniermedivie pick-up and retriceval system using
a small alrcraft has becn propesce, & system using & C-119 or C~130
Is now on the drawing board. A sﬂni:ar low mass as used In the
re-drop sysiom ls dropped to downed eirmen, ond again, he doans the
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3 the man Is reeled Into the aircraft using a large winch, In this

; reéspect, it Is similar to the Fulton Pick~Up System now In the

E Alr Force Inventory (See Figure 9). Flight testing of thls system
. is planned To begin in the Fall of 1970,

é . . D. Reconnzissance and Strike

Previously, the Air Force had to choose between high

spead or near zero velocity (fixed wing alrcraft vs rotary wing

E alrcraft)., The Long~Lline not only,combines high speed/high altitude

and near zero veloctty/low cltitude Into the same system, but allcws

both phenomena to occur slmultaneousty. In terms ¢f reconnaissance

and strike this mcans cembining the accuracy of o low altitude stable
pletfore. with Tha decreascd vulnerabitity of a high altitude/high

velocity fixed wing aircrait. I+ olso allows covert operations and

tor the flrst 4ime, encourcges reconnalssance and strike missions in

weather conditions which previously would have prohibited fiights

of this nature.
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